Amazonia National Park is located in southwestern Pará State in central Amazonia. The 10,707 km 2 park is one of the largest protected areas in Brazil and is covered with pristine forests, but the region is threatened by dam construction projects. An incomplete mammal biodiversity inventory was conducted in the area during the late 1970s. Here, we present results of sampling from 7,295 live-trap nights, 6,000 pitfall-trap nights, more than 1,200 km of walking transect censuses, and approximately 3,500 camera-trap days, all conducted between 2012 and 2014. These sampling efforts generated a list of 86 known species of nonvolant mammals, making the park the single most species-rich area for nonvolant mammals both in the Amazon Basin and in the Neotropics as a whole. Amazonia National Park is a megadiverse site, as is indicated by its mammalian richness, which includes 15 threatened mammal species and 5 to 12 new species of small mammals. As such, it merits being a high-conservation priority and should be an important focus of Brazilian authorities' and the international scientific community's conservation efforts. A comprehensive conservation plan is urgently needed, especially given the ecological threats posed by dam construction.
Introduction
The Amazon is the largest tract of rainforest in the world and harbors the greatest level of biodiversity on Earth (Sayre, Bow, Josse, Sotomayor, & Touval, 2008) . However, a significant proportion of the rainforest has suffered direct negative effects from human activities. In addition, despite including some of the largest protected areas in the world, the Amazon remains very poorly known biologically (Instituto Nacional de Pesquisas Espaciais [INPE], 2015) , even for relatively well-studied groups such as mammals.
Within Brazilian Amazonia, there are severe and everincreasing human disturbances including large-scale agriculture, cattle ranching, mining, and dam construction (Fearnside, 2005; Nogueira, Yanai, Fonseca, & Fearnside, 2015; Silva, Pereira, & da Rocha, 2015) . Approximately 18.8% of the original vegetation cover in the Brazilian Amazon basin has already been lost species checklist for the park in the late 1970s, but it was incomplete and mostly based on interviews. Another study by Ayres and Milton (1981) focused specifically on primates in the park. The integrity of the park is currently threatened by the Program for the Acceleration of Growth, a Brazilian government initiative for social infrastructure development that includes plans for a series of very large dams in the Tapajo´s River valley, which has reduced the size of the park by 437.6 km 2 (Bernard, Penna, & Arau´jo, 2014; de Marques & Peres, 2015) . Brazilian legislation prohibits such development or economic activities in fully protected areas like national parks, where only activities related to visitation or tourism and research are allowed. For this reason, the ANP has been reduced to make areas ''legally'' accessible to development.
The Brazilian Biological Diversity Project (PROBIO) considers ANP a high-priority area for conservation (Maury, 2002) , and a taxon-based analysis of mammals is a specific priority (Maury, 2002) . A definitive species list is a key to informing an effective conservation strategy.
This study is part of a larger effort to evaluate several aspects of the mid-Tapajo´s River area, its mammalian assemblage, and the likely effects of hydroelectric dam construction. Our study is qualitative and reflects the findings of surveys conducted in and around ANP. Given the importance of the park for biodiversity conservation (Maury, 2002) and the imminent threats it faces from dam construction (Benchimol & Peres, 2015; Bernard et al., 2014; de Marques & Peres, 2015) , we felt that ANP merits a special evaluation. A further quantitative analysis for the larger mid-Tapajo´s area will be published separately. The objective of this study is to provide an extensive field-based checklist for the nonvolant mammal fauna of ANP, and to offer a discussion of the conservation issues facing this key biodiversity hotspot.
Methods

Study Site
ANP is located in central Amazonia, in the State of Para´, where its westernmost limit abuts the Para´and Amazonas state border (04 02 0 08 00 S; 51 12 0 00 00 W; Figure 1 ). ANP was established in 1974 and is situated on the mid-Tapajo´s River, 55 km from the town of Itaituba. Its current area (10,707 km 2 ) makes it one of the 10 largest fully protected reserves in Brazil (Rylands & Pinto, 1998) . The park has a humid, tropical equatorial climate, and the hilly terrain is covered with a mosaic of rainforest vegetation types (CNEC Worley Parsons Engenharia, 2014; Ferreira & Prance, 1998) . The main forest cover is tall terra-firme forest (15-30 m), interspersed with areas of lower forest habitat with abundant lianas (10-15 m) which is characteristic of eastern Amazonia (Gerwing & Farias, 2000) . Seasonally flooded riverine forest (igapo´) occupies a narrow strip (rarely more than 10 m wide) along the banks of the Tapajo´s River and its tributaries (CNEC Worley Parsons Engenharia, 2014). Flooding occurs from January to late April or early May (George et al., 1988) . Although data were primarily collected in four areas of ANP, the full east-west length along the Trans-Amazonian highway was also sampled in order to generate as complete a picture as possible of nonvolant mammal fauna in ANP data ( Figure 1 ). We assumed a constant detection rate among the sample areas.
Data Collection
We conducted five different fieldwork survey expeditions between June 2012 and June 2014. These generated a total of approximately 80 days (15 days per expedition) of intensive sampling by four teams working simultaneously, each comprises several biologists and field assistants. Two teams collected data for small mammals, and two for medium-large mammals. Concurrently, we conducted a camera-trapping survey over several consecutive months (IBAMA collecting license 66/2012 and ICMBio collecting license 004/2012-CR3/Santare´m). We conducted the surveys in both wet and dry seasons and during all water-level regimes and included all vegetation formations. Although we did not assess seasonal differences, a preliminary analysis for a larger area of the mid-Tapajo´s did not find any differences between seasons (T.G. de Oliveira, unpublished data) . The taxonomy we used follows that of Paglia et al. (2012) .
We assessed sample efficacy on graphs, plotting daily sample sizes of small and medium-large mammals against the randomized (n ¼ 1,000) number of observed species (Sobs Mao Tau). The expected species richness for each group was estimated using Jackknife 1, Ice, and Chao 2, generated with the program EstimateS 7.5.1 Colwell 2005. We considered species richness using the classic mastozoological approach (Voss & Emmons, 1996) which, according to Eisenberg (1999, p. 528) , is ''the number of species tabulated for a defined geographical area,'' that is, the known species composition, not the expected species richness derived from estimators. The intention of this study was to estimate species richness only, and it did not account for variations in detection probabilities among methods, types of traps, or species. We compared our findings with other studies of nonvolant mammal species which, between them, provided a nearly complete checklist. These studies were based on direct measures of sampling efforts, and some spanned several decades.
Small, Nonvolant Mammals
Small, nonvolant mammals included marsupials and small rodents (<1 kg). Sherman and Tomahawk live traps were deployed in four sampling areas, distributed along five 300 -m trap lines. Trap lines were positioned every 1 km along a 5-km transect trail and ran perpendicular to the trail. Sherman traps were deployed 15 m apart (20 units per trap line) on every site, and Tomahawk traps were deployed on alternate sites, 30 m apart on the ground (10 units per trap line), following standard protocols (Lambert, Malcolm, & Zimmerman, 2006; Vieira, 2012) . Sherman traps were also placed in the subcanopy at heights of 1 to 2 m every 30 m. Traps were checked and baited every morning (with a banana, peanut butter, corn flour, baked babassu palm nut, and vanilla essence mix), and left open for three consecutive nights. Small mammals were also sampled using pitfall traps (Hice & Schmidly, 2002; Voss & Emmons, 1996) comprising fifteen 60 -L buckets placed in five parallel lines, 10 m apart from each other, in all four sampling areas. Following Hice and Schmidly (2002) , we set up a staked plastic fence running through the midlines which linked the buckets. Pitfall trap lines remained open for five consecutive nights. When used together, studies have found that these two methods effectively sample the full range of terrestrial and scansorial small mammals (Santos-filho, La´zari, Pedro, Sousa, & Canale, 2015; Vieira, 2012; Voss & Emmons, 1996) .
Voucher specimens were collected to confirm species' identification and were deposited in the Museu Paraense Emilio Goeldi collections, Bele´m. Marsupials and small rodents were identified using Wilson and Reeder (2005) , Gardner (2008) , Mendes- Oliveira and Miranda (2015) , and Patton, Pardin˜as, and D'Elia (2015) . Additional molecular analyses were conducted on some Marmosops, Hyleamys, Neacomys, and Proechimys spp. specimens in order to clarify taxonomic designations. The analyses of the first three genera were undertaken at the Molecular Genetics Laboratories, Universidade Federal de Mato Grosso (R. Rossi, personal communication, August 10, 2015) , and the fourth at the Universidade Estadual do Maranha˜o (Proechimys, L. Tchaika, unpublished data).
Medium and Large Mammals
Medium and large mammals included all primates, edentates, carnivores, ungulates, aquatic mammals, large rodents (>1 kg), and rabbits. A variety of sampling methods was used to maximize species detection (Oliveira, 2007; Oliveira & Cassaro, 2005; Oliveira, de Paula, & Figueira, 1998; Wilson & Delahay, 2001) , including line transects, camera trapping, tracks, signs (e.g., burrows and claw marks), and opportunistic observations (e.g., live animal sightings, vocalizations, skeletal remains, and roadkill). When needed, species' identification were confirmed using field guides (Bonvicino, Oliveira, & D'Andrea, 2008; Emmons & Feer, 1997) .
Censuses were conducted along five different 5-km transect lines in the established four sampling areas. Transects were perpendicular to the Tapajo´s River and generally originated in the igapo´forest. Each transect was sampled five times over five different field survey expeditions to include the full range of seasonal and water regime variations. Additional censuses were conducted on foot along existing visitor access trails and along the Trans-Amazonia highway. These supplementary transects varied in length. All transects were walked both diurnally (morning or afternoon) and nocturnally.
Camera traps (Tigrinus and Bushnell) were located at 50 sites and positioned approximately 20 cm above the ground in strategic places favored by animals (Oliveira & Cassaro, 2005) . Intervals varied from 500 m to 1 km in each sampling area. Units operated continually for 20 to 60 days before being checked to verify battery function or to be relocated. Camera trapping was conducted along transect lines and in additional sites within the established sampling areas. We used 5 to 10 cameras in each sampling area and rotated them to maximize detection opportunities.
Park Conservation Issues
To determine the conservation issues facing ANP, we visited all accessible areas and interviewed park personnel. We made a rough estimate of the portion of ANP under threat based on our ground checks and the interviews and also on a satellite imagery evaluation conducted by INPE (2015) . We compared the threats identified with those reported by Rylands in 1991. We considered issues of land tenure, government decrees threatening the integrity of ANP, the conservation management plan and its implementation, and the availability of human resources support (administrators, technicians, and park rangers). Rylands (1991) and Rylands and Pinto (1998) included 13 previously listed threats: (a) inadequate management, (b) hunting, (c) human invasion, (d) deforestation and timber exploitation, (e) agriculture or cattle ranching, (f) pollution, (g) adjacent development (i.e., human activities in adjacent areas), (h) changes in water regime or hydroelectric dams, (i) gold mining, (j) other mining, (k) burning (for pasture renovation only), (l) roads, and (m) erosion. Although our intent was to present qualitative data on current and future threats facing ANP, an assessment of threat intensity was beyond the scope of the study.
Results
Mammalian Assemblages
A total sampling effort of 7,295 live-trap nights, 6,000 pitfall nights, more than 1,200 km of transects walked on foot (census only), and 3,500 camera-trap days yielded a checklist of 86 species of nonvolant mammals for ANP (Appendix 1). Three additional species were added to this list based on museum specimens collected in the area prior to our study. The current checklist includes 11 orders and 29 families. The most species-rich groups were rodents (n ¼ 30), followed by carnivores (n ¼ 15), marsupials (n ¼ 13), and primates (n ¼ 10; Figure 2 , Table 1 ). We can thus confirm that ANP comprises about 21% of Brazilian Amazonian mammals and 12% of all mammal species found in Brazil.
A total of 15 species on the list are considered threatened (classified as Vulnerable or Endangered by either Brazilian or IUCN Red Lists, or both). Three are classified as Near Threatened, and eight are considered Data Deficient (IUCN, 2015; MMA, 2014) . Thus, about 17% of the mammal species on the ANP checklist are threatened (Appendix 1), and 30% are of conservation concern. Carnivores, especially felids, are the most threatened group, with seven Vulnerable species. Three species (two primates and the pink river dolphin) are considered Endangered.
Based on molecular and morphological data, five small nonvolant mammals found during the study were undescribed species. Two were marsupials: a short-tailed opossum, Monodelphis sp. nov. (adusta group; Pavan, Jansa, & Voss, 2014) , and a four-eyed opossum, Metachirus sp. nov. (current study, Figure 2(d) ). Three were new species of small rodents, two were Neacomys (labeled as Neacomys spinosus on maps generated by & Feer, 1997; Eisenberg & Redford, 1999; Bonvicino et al., 2008) and one was a species of spiny rat, Proechimys sp. nov. (present study). Additionally, seven other taxa may represent either new species or cryptic taxa that are in need of revision or revalidation (Gardner, 2008; Voss & Jansa, 2009; Woods & Kilpatrick, 2005 ; Appendix 1).
Emmons
We now consider our checklist to be complete for medium and large mammals but incomplete for small mammals, particularly the most species-rich group (see discussion for further details). Rarefaction curves for small mammals showed that species-encounter rates were still rising, whereas an asymptote was reached for medium and large mammals ( Figure 3 ). Consequently, true nonvolant mammal species richness in ANP is likely to be higher than reported here. All estimators used predicted the 53 species we observed for mediumlarge mammals and 35 to 37 species for small mammals which, if confirmed, would increase the species count to 90 nonvolant mammals.
Park Conservation Issues
When ANP was created in 1974, it covered 11,145 km 2 . However, national statutes do not permit the construction of dams in protected areas, and for this reason, parts of the park were degazetted in June 2012 by official decree in order to allow legal rights of access for the construction of the Sa˜o Luiz do Tapajo´s Hydroelectric Dam (Figure 4) . The area lost totals 437.6 km 2 and will be flooded when the dam is completed. The current area of the park is thus 10,707 km 2 , 118.21 km 2 , or 1.1% of which is deforested. Some 24.9 km 2 was lost before 1997 and a further 93.31 km 2 between 1997 and 2014 (INPE, 2015) .
ANP has only seven park personnel (three responsible for research and public issues, two rangers, one overseeing land tenure issues, and the park manager). ANP overlaps with the Andira´-Marau´Indigenous Area and land tenure issues remain unresolved. Official reports from 1989 to 1990 indicate that the legal status of only 85% of the park had been formalized (MINTER- IBAMA, 1990 ) and, according to park personnel (L. Coelho and J. Vasconcelos, personal Communication, December 16, 2015) , this remains unchanged. ANP has had a management plan since 1978 (IBDF/FBCN, 1979), but it is very outdated and has not been properly implemented. It also has an advisory council, which was set up in 2004. Approximately four surveillance operations are conducted annually (L. Coelho and J. Vasconcelos, personal communication, December 16, 2015) .
We detected seven primary conservation threats in ANP: inadequate management, hunting, deforestation or timber exploitation, gold mining, roads, adjacent development, change in water regime or hydroelectric dam, and erosion. Although the scope of our research did not allow us to quantify the intensity of these threats, they appeared to be low at the time of our fieldwork. We estimated that, primarily due to its inaccessibility, there has so far been an impact on less than 5% to 10% of the park. However, spurred by the prospect of hydroelectric dam construction, development in areas adjacent to ANP is now a major issue. In addition to development and other human-meditated pressures (such as hunting, Janson and Emmons (1990) , Pacheco and Vivar (1996) 
Discussion
The first faunal assessment of ANP (conducted from 1978 to 1979) listed 101 mammal species (37 bats and 64 nonvolant species; George et al., 1988) . The latter included six marsupials, 10 edentates (now 9, due to taxonomic revisions), 12 primates (now 10, due to taxonomic revisions), 13 carnivores, 5 ungulates, 2 cetaceans, 16 rodents, and 1 lagomorph (George et al., 1988) . Correcting for taxonomic incongruences, the 1978-1979 survey checklist includes 61 nonvolant species, compared with 86 recorded during this study. A key difference between the two checklists is that the former relied on interviews, while the latter consists solely of direct sightings, photographic records, tracks, and trapping data. We adequately sampled all vegetation formations but, as only part of ANP was accessible, we expect that there will be further additions to the current species checklist. Although we consider the list to be incomplete, a confirmed mammalian richness of 86 nonvolant mammals is still the highest recorded for any area in Amazonia and in the Neotropical region as a whole (Table 1 , see Eisenberg, 1999 and Peres, 1999 for further details on mammalian species richness from other areas of the Neotropical region). This is even more notable when compared with reported mammalian richness at other high-ranking sites which have been much more intensively sampled (such as the Cocha Cashu and Paktiza Biological Stations in Manu National Park, Peru, which has 78 species of nonvolant mammals recorded; Janson & Emmons, 1990; Pacheco & Vivar, 1996) . Caraja´s, now the most thoroughly studied area of the Brazilian Amazon, has 80 confirmed nonvolant mammal species (Bergallo et al., 2012) , while other well-studied central Amazonian sites all have a lower recorded species richness (Table 1) . Even though the studies were heterogeneous, with unstandardized procedures, most were long term, conducted in well-studied areas, and are considered to have been adequately sampled and thus able to offer a confirmed species composition (Bergallo et al., 2012; Janson & Emmons, 1990; Peres, 1999; this study) . In this respect, the studies are comparable and emphasize the importance of ANP. Species composition within mammalian groups in ANP was consistent with patterns found in areas throughout the Amazon Basin (Bergallo et al., 2012; Janson & Emmons, 1990; Peres, 1999) . ANP has a confirmed megadiversity of 53 medium and large mammal species, making it by far the most diverse area for these mammals in Amazonia. The observed and expected species richness from three different estimators were equivalent, demonstrating that the species count was consistent and robust. Species richness of medium-large mammals in other areas of the Amazon Basin in Brazil is lower: 45 in Caraja´s National Forest, 44 in Belo Monte, 42 in Jau´National Park, and 41 in Urucu River Basin (Carvalho et al., 2014; da Silva & Mendes-Oliveira, 2012; Eletrobra´s, 2009; Iwanaga, 2004) .
Currently, Amazonian marsupials and small rodents (subfamily Sigmodontinae and family Echimyidae) are difficult to identify, and there are high levels of taxonomic uncertainty (Costa et al., 2005; Voss & Emmons, 1996) . There have been few broad, systematic reviews or longterm, integrated studies (Padial, Miralles, De la Riva, & Vences, 2010) . Studies focusing on any or all of these issues are essential if the richness of small, nonvolant species of mammals in a region such as the Tapajo´s is to be clarified.
Overall, apart from a size reduction, very little appears to have changed since the 1990s in terms of infrastructure and the legal status of ANP. Although the number of personnel has increased from five to seven, the active conservation presence in ANP remains modest. Only two of the official on-site ANP staff are park rangers, which is insufficient for the surveillance operations required in such a large, biodiverse area. Furthermore, no park rangers are permanently located within the park, so environmental regulations cannot be consistently enforced. Four surveillance guards based at two outposts are tasked with protecting the park, but they lack any legal authority to detain or arrest violators for criminal behavior. Furthermore, the financial resources available for surveillance and maintenance within ANP are extremely limited.
A qualitative comparison of the historical and current conservation situation in ANP indicates that there have been no positive changes or developments since the park was established over 30 years ago. Park personnel also expressed this view (L. Coelho and J. Vasconcelos, personal Communication, December 16, 2015) . In their study, Rylands and Pinto (1998) found the main threats to ANP to be human invasion, impacts from adjacent indigenous reservations, agriculture or cattle ranching, and pollution. Rylands (1991) considered proximity to indigenous reservations as a threat because they are associated with depredation in some other reserves. The findings of our study did not confirm any of these problems. However, we found erosion, human development in adjacent areas, and changes in the water regime to be problems observed in this study that were not present before (Rylands, 1991; Rylands & Pinto, 1998) .
Inadequate management and resources for basic infrastructure are listed as the primary problems for all protected areas within the Brazilian Amazon (Rylands & Pinto, 1998) , including ANP. It is highly likely that the proposed dam and associated infrastructure, as well as the increase in regional human population pressure (de Oliveira et al., 2014) , will add to the suite of current problems facing ANP. Ecologically, further instabilities are expected from the eradication of the igapo´flooded forest from the park if the dam is completed, including a reduction in carrying capacity and a severe population decline for several species, including threatened primates and carnivores (de Oliveira et al., 2014) . Associated infrastructural changes include paving the Trans-Amazonia highway, and this will further increase roadkill ( Figure 5 ) and other negative anthropogenic effects (Bennett, 1991; Trombulak & Frissell, 2000; Wilkie, Shaw, Rotberg, Morelli, & Auzel, 2000) . The current low level of staffing needs to be increased considerably to effectively mitigate these changes. ANP, as with Figure 5 . The Trans-Amazonia Highway and a roadkill specimen of the rare and Vulnerable bush dog (Speothos venaticus) within Amazonia National Park. many other protected areas in Brazil, is not far from being a ''paper reserve'' (Bruner, Gullison, Rice, & da Fonseca, 2001) .
Although hunting and timber exploitation are potential problems for ANP, they currently pose less of a threat than the issues described earlier, as they are not practiced at the same levels of intensity observed in other protected areas in the Amazon Basin (Oliveira, 2011; Pezzuti et al., 2004; Rylands & Pinto, 1998) . Logging and changes in forest cover were also listed in a worldwide analysis of threats to protected areas dominated by tropical forest habitats (Laurance et al., 2012) . Neither is currently highly problematic in ANP, but that could easily change with improved park access. ANP personnel regard human population growth in the park buffer zone, catalyzed by the dam project proposal, as the biggest threat, likely to place tremendous conservation pressure on the area (L. Coelho and J. Vasconcelos, personal communication, December 16, 2015) .
Implications for Conservation
This study is important not only for highlighting the biological diversity of ANP and conservation problems it faces but also for providing scientific data to inform the outdated ANP Management Plan (IBDF/FBCN, 1979) . The assessment presented here should also serve as a red alert to the international conservation community, particularly regarding the reduction of the ANP's size and the changes to its borders (Bernard et al., 2014; de Marques & Peres, 2015) that the Brazilian authorities allowed in order for hydroelectric dams to be ''legally'' built. This policy is especially detrimental in protected areas, such as ANP, that have an exceptionally high level of documented biodiversity. It is important to note, too, that Soares-Filho et al. (2005 , 2006 predicted that by 2050, the area surrounding ANP will be highly degraded.
The direct effects of dam construction on ANP are still being evaluated (CNEC Worley Parsons Engenharia, 2014) . However, it is clear that construction preparations have already increased detrimental human activities, which are of paramount concern for conservation. The likely future of ANP if the dam is constructed can be gauged from another dam site, Belo Monte. There, ecological and socioeconomic environmental impacts were not carefully considered (Barreto et al., 2011; Fearnside, 2015) . Any ANP dam-related development activities are likely to isolate the park, potentially reducing the range, carrying capacity, and population sizes of several groups, including threatened primates and carnivores (de Oliveira et al., 2014) . The ecological fates of protected areas may be strongly determined by environmental changes immediately outside their boundaries, too (Laurance et al., 2012) .
The Protected Areas Downgrading, Downsizing, and Degazettement that affected ANP in 2012 reflects a change in Brazilian government policy that is now primarily concerned with social infrastructure development through electricity generation and transmission in Amazonia (Bernard et al., 2014; de Marques & Peres, 2015) . This has also affected several other protected areas, which face the same kind of ''legal-political'' threat from Brazilian national authorities (de Marques & Peres, 2015) .
Our findings of threatened species, high mammalian richness, and 5 to 12 new mammal species at ANP emphasize the importance of the park as a megadiverse and highly important conservation priority area. Therefore, ANP should receive special conservation attention from authorities instead of facing threats from activities that threaten this biodiversity. A well-informed and robust conservation strategy is urgently needed owing to imminent dam construction and associated environmental damage. Brazilian authorities need to act accordingly to meet their stated aims and commitments to biodiversity conservation (Ganem, 2011) . We hope that this report will alert both government authorities and nongovernmental organizations to take proper action to stop, mitigate, and avoid the degradation of ANP and its rich megadiversity. Red-rumped agouti S, P, T Echimyidae Dactylomys dactylinus (Desmarest, 1817) Amazon bamboo rat P, Vo Echimys vieirai Iack-Ximenes, Vivo, & Percequillo, 2005 Spiny tree rat C DD Isothrix pagurus Wagner, 1845
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